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Outline 

•  CERES temporal interpolation methodology 
•  GERB validation of GEO fluxes 
•  GEO and BB satellite timeline 
•  GEO calibration update 
•  CERES prototype ordering tool improvements 
•  TISA products 

–  ISCCP-D2like 
–  TSI/SYN/AVG/ZAVG 
–  Flux-by-cldtyp 

•  Summary 
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CERES temporal interpolation 
•  CERES-only or nonGEO temporal interpolation assumes constant 

meteorology between CERES observations to estimate the daily 
flux 

•  CERES/GEO temporal interpolation uses 3-hourly GEO derived BB 
fluxes in between CERES observations to estimate the daily flux 
–  Calibrate GEO imager radiances against MODIS 
–  Derive GEO 2 channel cloud properties 
–  Convert imager radiances to MODIS equivalent radiances 
–  Use MODIS to CERES NB to BB empirical models 
–  Use CERES ADM to convert BB radiance to flux 
–  Normalize the GEO fluxes with CERES to preserve CERES instrument 

calibration 
•  Validate both interpolation methods with 15 minute GERB BB 

fluxes onboard MET-8 during July 2004 
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CERES/GEO LW temporal interpolation, July 2004 

Maritime Stratus 

Land Afternoon Convection 

Sahara Desert 

Terra+Aqua CERES 
Terra+Aqua+GEO3hour 
Terra+Aqua+GEO1hour 
GERB 15minute 

Terra+Aqua CERES Terra+Aqua+GEO3hour 
CERES – GERB LW hourly RMS error 

• 3-hourly GEO derived BB fluxes are normalized 
to the CERES observations to maintain the 
CERES instrument calibration 
• 3-hourly GEO+CERES LW fluxes more closely 
resemble the GERB observed LW fluxes than 
relying on Terra and Aqua CERES only 
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CERES/GEO SW temporal interpolation, July 2004 

Maritime 
Stratus 

Land Afternoon Convection 

Sahara Desert 

Terra+Aqua CERES 
Terra+Aqua+GEO3hour 
Terra+Aqua+GEO1hour 
GERB 15minute Terra+Aqua CERES Terra+Aqua+GEO3hour 

CERES – GERB SW hourly RMS error 

• 3-hourly GEO derived BB fluxes are normalized 
to the CERES observations to maintain the 
CERES instrument calibration 
• 3-hourly GEO+CERES SW fluxes more closely 
resemble the GERB observed LW fluxes than 
relying on Terra and Aqua CERES only 
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Dataset SW (%) LW-day (%) LW-nit (%) 
Terra 24.1 5.0 4.7 
Aqua 24.0 4.6 4.8 
Terra+Aqua 18.3 3.5 3.4 
Terra+GEO3hr 14.9 3.5 3.3 
Aqua+GEO3hr 15.4 3.2 3.1 
Terra+Aqua+GEO3hr 14.0 2.9 2.7 
Terra+GEO1hr 13.8 3.3 3.2 
Aqua+GEO1hr 14.1 3.1 3.0 
Terra+Aqua+GEO1hr 
Terra-Aqua nonGEO 28.0 5.5 5.4 
Terra-Aqua GEO3hr 10.3 3.4 3.4 
Terra-Aqua GEO1hr 7.3 3.1 3.1 

Comparison of GERB and CERES/GEO fluxes 
Hourly RMS for July 2004 

• GEO 1-hourly improves both diurnal sampling and NB to BB over 3-hour 
• GEO 3-hourly sufficient for monthly, whereas 1-hourly needed for daily  
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GEO and BB satellites 

•  GEO satellite 2000-2020 timelines 
•  GEO cloud retrieval quality is dependent on which 

GEO satellite generation is used 
•  Broadband Missions 

•  ScaRaB (Megha-tropiques) to launch Oct 12, 2011 
•  CERES FM-5 (NPP) to launch in Oct 25, 2011 
•  GERB-3 (Met-10) to launch in Jan 2012 
•  GERB-2 (Met-8 to move to Indian Ocean) 
•  These missions will be used as temporal averaging 

validation datasets 
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GEO Satellite Chart 

GEO satellites 1st 2nd 3rd 
Channels 3 (VIS,WN,WV) 5 (AVHRR) 

9=Met8/9 (15min FD) 
16 (MODIS) 

15 min FD 

IR resolution 4km 4km 2km 
VIS resolution 1km 1km 0.65µm @0.5km 
VIS calibration no no Solar Diffuser 
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GEO Satellite Chart 

2 channel cloud code AVHRR code MODIS 
code -> 

FY2C/D/E 

MTSAT-1R 

---- 2nd generation satellites with nonlinear response 
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GEO Satellite Position, October 2011 

      1st generation 
      2nd generation 
      2nd nonlinear response 

GOES-11 GOES-13 MET-9 MTSAT-2 

COMS FY2E FY2D KALPANA-1 

MET-7 
   MET-8 2012 

GOES, MTSAT-2, COMS have identical instruments 
COMS to go operational in Jan 2012 
Only GEO imagers that broadcast (McIDAS) are shown 

GOES-12 

GEOs TISA does not use 

GEOs TISA uses 
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Broadband Satellite Chart 

CERES CERES-2 SCaRaB GERB 
Orbit Terra 10:30AM 

Aqua 1:30PM 
SS 1:30PM 7 day repeat 20° 

inclination 
GEO 15 
minutes 

Footprint size ~20km -25km 40km 45x40km 

Channels SW,TOT SW,TOT,LW SW,TOT, VIS, WN SW, TOT 

* Does not include Earthcare or FY3A/B/C/E ERM 
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Broadband Satellite Coverage 

Terra/Aqua/NPP/JPSS 

Megha-Tropiques 

GERB @0°E GERB @63°E 
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GEO calibration update 
•  Recalibrate all GEOs to Aqua-MODIS between 

2000-2011 over their respective life times using multiple 
independent calibration approaches 
–  Aqua-MODIS more stable over time then Terra-MODIS 
–  Transfer Aqua-MODIS calibration using ray-matching, deep 

convective clouds, and desert targets 
–  Use SCIAMACHY pseudo radiance regressions over each 

target domain to account for spectral response function 
differences 

–  Use SCIAMACHY/GEO ray-matching over GEO lifetime as 
validation 

•  Compare MTSAT-2 and MTSAT-1 coincident visible 
radiances to examine MTSAT-1 nonlinear VIS response 

D. Doelling, P. Minnis, NASA LaRC 
 R. Bhatt, D. Morstad, B Scarino, A. Gopalan, SSAI 

Jack Xiong, Aisheng Wu, NASA GISS 
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Ray-matching 

GOES-13/Aqua April 2010 GOES-13/Terra April 2010 GOES-13 gain 2010-2011 

Terra 3.4%/year 
Aqua 3.2%/year 

Plot 50km^2 ray-matched radiances 
Terra adjusted to Aqua using SNO 

GEO/MODIS domains 

Tie GEO calibration to Aqua-MODIS 
as absolute reference Track monthly gains over time 
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Derive GEO Desert Reference Model 
•  Use daily spatial standard deviations to determine clear-sky conditions 

over Desert, For GOES-12 use Sonoran Desert 
•  Use Aqua/GEO Ray-matching to calibrate GOES-12 daily noon 

radiances 
•  Average multi-year daily noon seasonal cycle radiances to derive TOA 

desert reference model 
•  The viewing and solar geometry is identical, when GEOs are replaced. 

Calibrate GEOs with same sub-satellite with reference radiance 

G-12 Daily spatial sigmas G-12 Daily radiances G-12 seasonal model 
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DCC calibration 
Aqua DCC PDFs over G-13 

GOES-13 Mode monthly  
Gains 2010-2011 

Identify DCC  IR < 205°K 

GOES-12 Jun 14 2003 19:45 GMT 

Global domain 
G13 domain 

Monthly mode counts 
Monthly mean counts 

GOES-13 DCC radiance 
trends 

GOES-13 DCC rqdiance PDFs 
Taken at 1:30PM 

Use PDF Mode to transfer 
Aqua calibration 



NASA Langley Research Center / Atmospheric Sciences	


Validation/Conclusion 
•  Both GOES-12 and GOES-13 independent multi-method absolute 

calibration consistency is within 1.3% with temporal regression 
standard errors <1% 

GOES-12 GOES-13 
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Terra/Aqua MODIS stability conclusions 

•  All validation methods are consistent within 1% 
•  Aqua-MODIS Collection 5 L1B Band 1 is stable within 0.5% 
•  Terra-MODIS has degraded by ~2% 
•  Use Aqua-MODIS as CERES absolute calibration reference 

–  Better characterized sensor provides better on orbit performance  

%/decade Terra Aqua Terra/Aqua 
DCC -2.5 0.2 -2.7 
Libyan Desert -2.1 0.0 -2.1 
Dome C -1.6 0.5 -2.1 
NOAA-16 -2.1 
GOES-12 -3.0 
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Hyper-spectral SCIAMACHY based spectral corrections 
Aqua-MODIS/GOES-12 pseudo mean SCIA radiance  spectra, and 

reflectance ratio 

Equator All-sky Ocean Equator All-sky Land DCC 

1.008 0.964 1.008 

SCIA footprint pseudo radiance of Aqua vs GOES-12 

Libyan Desert 

0.858 

MET9 0.65/0.86µm 
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• Ocean/Land gain 
difference = 5.3%, 
offset=31, 47 
• After SBAF the gain 
difference = 0.3%, 
offset=31, 30 

Gain = 0.8313 
Offset = 30.7 

Gain = 0.8336 
Offset = 29.8 

Ocean Land 

After SCIAMACHY spectral band adjustment factor (SBAF) 

GOES-12/Terra-MODIS September 2009 SCIAMACHY 
SBAF 

Validation 
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GOES-11 Sept 2, 2006 19 GMT VIS image 
overlaid with SCIA footprint 

SCIAMACHY 32x215 km footprints 

The 4 SCIA/GEO ray-matched positions 

ENVISAT ground track 

GOES-11 

SS 10AM, 35 day repeat cycle, 
~4 matches/month, too few 
matches for time trend, perform 
one life time comparison 

GOES-11/SCIA 2006-2010 

MET-9/SCIA 2007-2010 

Gain within 0.4% 

Gain within 1.0% 

ENVISAT and Aqua ground-track 
intersect June 1, 2006 ~19 GMT  

SC
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30x240km footprints 
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SCIAMACHY/Aqua-
MODIS ray-matching 

Aqua-MODIS/SCIA ray-matched 
footprint radiances 2003-2008 

ENVISAT and Aqua ground-track intersect 
June 1, 2006 ~19 GMT  

Gain within 1.5% 

June 23, 2004 

AQUA ground track 

ENVISAT ground track 

Matched footprint 
(215x32km) 

SCIA footprint centers 
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MTSAT-1 nonlinear calibration 

MTSAT-1/Terra April 2006 

Stra%fied	  by	  SZA	  

MTSAT-1/VIRS 
MTSAT-1 nonlinear gain 

G
E

O
-n
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G
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W

 tr
en

ds
 Linear	  calibra%on	   Non-‐Linear	  calibra%on	  
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MTSAT-1R vs MTSAT-2 comparisons 
•  MTSAT-2 launched in Feb 18, 2006, on standby until 2011 
•  Have been requesting coincident MTSAT1/2 data since 2008 and to 

make MTSAT-2 operational 
•  MTSAT-2 operational from Dec 23, 2010 
•  Have received from JMA 3 days of overlap data from Dec 21-23, 2010 
•  And now the ugly truth about MTSAT-1 

MTSAT-2/Terra Jan 2011 VIS MTSAT-1/MTSAT-2 
2010 Dec 21 0:30Z 

IR MTSAT-1/MTSAT-2 
2010 Dec 21 0:30Z 

IR demonstrates good navigation MTSAT-1 overestimates MTSAT-2 MTSAT-2 is a linear instrument 
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M2 11µm M1-M2 11µm 
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M2 11µm (M1-M2)/M2 0.65µm (%) 

M1-M2 0.65µm M2 0.65µm 
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M1-M2 0.65µm (%) 

M1-M2 0.65µm M2 0.65µm 
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Clear-sky ocean near bright clouds can be overestimated by 100% 
Clear-sky ocean not surrounded by clouds are not effected 
There are spectral response function differences, evident over Australia 

(M1-M2)/M2 0.65µm (%) (M1-M2)/M2 0.65µm (%) 
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Detector point spread function?? 

Spatial detector response 

Cross-track 

A
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footprints 

0 

1 

Detector  
response 
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MTSAT-1, mirror scanning 

MTSAT-2, push broom scanning 

footprints 

0 

1 

Detector  
response 

1% 

5% 
10% 

20% 
40% 

80% 
100% 
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CERES Prototype Ordering Tool 

D. Doelling 
NASA LaRC 

C. Chu, E. Heckert, E. Kizer, C. Mitrescu  
SSAI 

“Hi Norm, You are probably aware that everyone and their dog was 
downloading CERES data and playing around with it this week. I was 
unable to prevent myself from following suite”, September 11, 2011 

User only needs 2 SYN product parameters but needs to order the entire 
product. “That's horrible!  It's taking days for me to download all of the data 
from 2000 to 2005:  each file is about 250 MB, so takes about 5 minutes to 
download.  At this rate, it will take more than a week to download the data, 
if I can manage to do it without any interruptions.” August 5, 2011 
Sub-setter to incorporate SYN/AVG/ZAVG next 

http://ceres.larc.nasa.gov/index.php 
Google: CERES NASA 
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Monitor the processing after 
order has been submitted 

Review order before 
submitting 

Parameter/spatial/temporal listing 

Shopping Cart Page 
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SSF level 2 subsetting goes public this week 

Only Edition3 SSF is available for subsetting, currently 2006-2010 
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SSF level 2 beta ordering  
•  Combined effort of subsetting team and the ASDC 
•  2006 to 2010, as Ed3 SSF is processed, in geographical database 
•  Order is taken from the order site, and specifics XML to the ASDC 
•  When ASDC finishes processing the data and is on the ftp site, user 

will get email 
•  We emphasize beta, large volume of files may kill the order, small 

orders requested 
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SSF (level 2) example ordering 
•  Parameter Selection: SW,LW and WN flux 
•  Spatial Selection: Cairo lat and lon with a 30km radius 
•  Temporal Selection: all of 2008 
•  Result: One NetCDF file (0.4MB) of 730 footprints 
•  Time to order file: 25 minutes  
•  Traditional Way: ~0.5TB of 8760 HDF files (1250x more data) 

LW flux 

Level 2 browse is in progress 

Plot CERES 20km 
footprint data for 
one day  
Terra Jan 4, 2008 

User plot from the data downloaded 
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CERES EBAF Ed2.6 on ESG 

http://pcmdi3.llnl.gov/esgcet/home.htm 
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CERES EBAF Ed2.6 on ESG 

Many thanks to Jerry Potter who let us use his 
CMOR checker on his machine so that the CF 
compliant and facilitating placing the data at 
the Goddard Gateway 

Working with Luca Cinquini to put the tech-notes 
(DQS) in place, Here is an example AIRS dataset 
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CERES ESG data on the CERES web page 
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CERES EBAF Ed 1.0 data at NCAR 

http://www.cgd.ucar.edu/cas/catalog/satellite/ceres/index.html 

Corresponding with Dennis Shea, who is updating with EBAF Ed 2.6 
On Sept 14, he had a few suggestions regarding attributes 
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CERES Giovanni 
Aqua Edition2A SRBAVG  http://disc.sci.gsfc.nasa.gov/giovanni 
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CERES at the ASDC 

http://eosweb.larc.nasa.gov/PRODOCS/ceres/table_ceres.html 



NASA Langley Research Center / Atmospheric Sciences	


CERES data ordering sites 
•  CERES web and tool (http://ceres.larc.nasa.gov/) 

–  EBAF, SSFlite, SYNlite, ISCCP-D2like, SSF footprint 
–  CMIP5 EBAF page 

•  ASDC (http://eosweb.larc.nasa.gov/PRODOCS/ceres/table_ceres.html) 

–  All archived HDF products 

•  ESG gateway (http://pcmdi3.llnl.gov/esgcet/home.htm) 
–  CMIP5 EBAF data 

•  NCAR site (http://www.cgd.ucar.edu/cas/catalog/satellite/ceres/index.html) 
–  EBAF, currently being updated to Ed2.6 

•  GIOVANNI (http://disc.sci.gsfc.nasa.gov/giovanni) 
–  Aqua Edition2A SRBAVG limited parameter product 

•  If anyone knows of any other sites, let me know 
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CERES order tool statistics 

Product 
May10-Sep11 

orders files Data 
Months (K) 

Volume (GB) 
In HDF files 

EBAF 326(138)  326(138) 24.7(10.5) x (8.4) 
SSFlite 402(229) 452(302)  32.0(18)  x (143) 
SYNlite 471(227) 539(313)  26.2(16) x (140) 

() M
ay 2010 to A

pr 2011 

Users (EBAF/lite) Email (ordered) IP (visualize, order) 
Unique Users 214(136) 316(272) 

•  The Edition2.6 has caused a lot of excitement 
•  At this rate we would double the number of orders 

compared with last year 
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CERES ordering tool stats 

40 
Browse Users 

40 
Email order Users IP order Users 

45 

• <10% of users do not want to give out email when ordering 
• Lately users browsing and ordering, previously more browsing than ordering 

MJJASONDJFMAMJJAS! MJJASONDJFMAMJJAS! MJJASONDJFMAMJJAS!

70 60 120 

MJJASONDJFMAMJJAS! MJJASONDJFMAMJJAS! MJJASONDJFMAMJJAS!

EBAF orders SYN orders SSF orders Ed2.6 Ed2.6 
Ed2.6 

• Again users notice the new Edition 2.6 
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CERES Level 3 order statistics 

Ordering site users files Months (K) Volume (GB) 
Order tool 226 

328 IP address 
892 

351 EBAF 
60 

27.5 EBAF 
300 

ASDC 329 118K 
36 EBAF 

6.5 15TB 

CMIP 
Aug 17-Sep15, 2011 

11 51 
EBAF only  

7.2 1.6 

ESG CMIP  
Aug-Sep15, 2011 

10 44 
EBAF only  

6.2 1.4  

Giovanni 
Sep2010-Jul2011 

196 2092 
Month files 

2.1 0.3 

• Users taking advantage of subsetting 
• EBAF users ordering 10.3% of complete dataset 
• SSFlite/SYNlite users ordering 0.4% of complete dataset 
• “# of data months” is a more realistic ordering statistic 
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Ordering Tool Highlights 

•  Completed since last science team meeting 
–  EBAF converted into CMIP CF compliant files and tested with 

CMOR checker and placed on the Goddard ESG gateway for 
PCMDI studies 

–  CMIP files also place on the CERES order tool web site 
–  Updated the SSFlite/SYNlite/EBAF Edition 2.6 files (noticed 

increased usage) 
–  Implemented shopping cart feature 
–  SSF level2 beta (operational this week) 

•  Future Goals 
–  ISCCP-D2like test site fully functional (working out bugs in merge 

product) 
–  SYN level3 (TSI/SYNI/SYN/AVG/ZAVG) 3-hour/daily/monthly, 

CERES/GEO TOA product, SARB computed product, being built on 
test web site, should be complete early next year 
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TSI delivery 

•  The TSI particle size were hardcoded to 10µm liquid 
radii and 60µm ice diameter 
–  Coding bug fixed 

•  It was noted that many liquid radii < 4µm 
•  Code to be delivered this week to AMI-P 

Ice 
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TISA Edition4 PGEs 
•  TISA will incorporate the subsetter to validate the entire dataset 

before delivery, 5 years of TSI ran in one hour 
–  During TSI validation July 2010 bombed, takes too long to redeliver 

after every event 
–  A chain of programs need to be validated as unit, an end to end test 
–  Monthly means offer the most reliable validation 

SSF1deg-day 

SSF1deg-month 

SYN1deg-day 

SYN1deg-month 

SYN1deg-3hour 

SYN1deg-M3hour 

SYN/AVG SYNI TSI 

SFC SSF 

SRBAVG 
Convert to GMT 

SSF1deg-day 
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Flux-by-cldtype 

•  CERES measures 20km footprint fluxes 
•  Footprint is subdivided into clear and 1 or 2 

cloud layers, based on MODIS 2-km pixel 
level retrievals 

•  Subdivided fluxes obtained from MODIS 
NB to CERES BB radiance monthly 
correlations and radiance to flux using 
CERES ADMs 

•  Instantaneous footprint subdivided fluxes 
are then binned into 1° by 1° regions 
according to ISCCP cloud types (6 optical 
depths, 7 pressure levels) and clear-sky 

•  Modelers may then compare computed 
individual cloud property fluxes with 
CERES during Aqua or Terra overpasses 

P
re

ss
ur

e 
 

TOA 

SFC 
Optical depth -> 

clear 

Layer 1 Layer 2 clr 

20km 

100km 
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Flux by cloud type Algorithm  
SSF	  Footprints	  

NB2BB:	  clear/cld1/cld2	  

BB2Flx:	  clear/cld1/cld2	  

Sort	  cloud/8lux	  into	  
D2like	  cloud	  types	  

Grid	  SSF	  into	  1x1	  

Monthly	  Average	  

Monthly	  NB2BB	  coef8icients	  
•	  0.65,	  0.86,	  2.1	  µm	  MODIS	  to	  BB	  CERES	  
•	  Use	  clear	  and	  overcast	  footprints	  

ADM	  
•	  Use	  clear/overcast	  models	  

NetCDF	  for	  modeler	  

QC	  observational	  mean	  

Single scene:   total footprint flux 
Clear & 1 layer:   layer1 = total – clearNBtoBB 
Clear & 2 layers:   layer2 - total – clearNBtoBB – layer1NBtoBB 

• Instantaneous gridded fluxes by cloud type 
• Beta product being to be tested by Jason Cole 
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Flux_by_cldtyp SSF1deg-hour 
S

W
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Observed footprint NB/BB derived clear-sky 

Flux_by_cldtype, April 1, 2006, instantaneous 1° gridded 



NASA Langley Research Center / Atmospheric Sciences	


Flux_by_cldtyp 

S
W

 c
le

ar
-s

ky
 

LW
 c

le
ar

-s
ky

 

NB/BB derived clear-sky 

Snow/Ice fraction > 10% 

100% 60% 

Glint > 60% 

Cloud Fraction> 99% 

NB/BB not performed if 
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SW flux_by_cldtype LW flux_by_cldtype 

SW SFC-flux_by_cldtype LW SFC-flux_by_cldtype 

All-sky Flux-by-cldtype Validation 

• NB/BB cannot accurately resolve glint and over snow   



NASA Langley Research Center / Atmospheric Sciences	


TISA Products/deliveries 
•  ISCCP-D2like 

–  Day/Nit, GEO are Edition2 
–  Terra/Aqua/GEO merge shortly to be delivered as Edition2 
–  New MODIS/GEO cloud property normalization constraints 

to remove unrealistic cloud properties (out of range) 

•  TSI 
–  Edition3 to be delivered this week 
–  SYN/AVG/ZAVG already delivered 

•  Flux-by-cldtype 
–  Validate by comparing to SFC cloud and fluxes 
–  Clouds are being replicated, investigate a few minor regional 

flux differences 
–  Let Beta testers use the product and make suggestions 


